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SOLID FORMS OF A TRANSTHYRETIN
DISSOCIATION INHIBITOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a 371 national phase filing of Interna-
tional Patent Application No. PCT/IB2012/054748, filed on
Sep. 12,2012, which claims the benefit under 35 U.S.C.§ 119
to U.S. Provisional Patent Application serial number 61/535,
551, filed on Sep. 16, 2011, the disclosures of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to solid forms of the N-me-
thyl-D-glucamine (meglumine) salt of 6-carboxy-2-(3,5-
dichlorophenyl)-benzoxazole and to methods for their prepa-
ration. The invention is also directed to pharmaceutical
compositions containing at least one solid form and to the
therapeutic or prophylactic use of such solid forms and com-
positions.

BACKGROUND OF THE INVENTION

This invention relates to solid forms of 6-carboxy-2-(3,5-
dichlorophenyl)-benzoxazole meglumine (also referred to as
“Compound 17) that are useful in the treatment of transthyre-
tin amyloid diseases, such as senile systemic amyloidosis
(SSA), familial amyloid polyneuropathy (FAP) and familial
amyloid cardiomyopathy (FAC), in mammals. This invention
also relates to compositions including such solid forms, and
to methods of using such compositions in the treatment of
transthyretin amyloid disease in mammals, especially
humans.

Carboxy-2-phenyl-benzoxazoles, such as 6-carboxy-2-(3,
5-dichlorophenyl)-benzoxazole, and their salts, are described
in U.S. Pat. Nos. 7,214,695 and 7,214,696; and in U.S. Patent
Application Publication No. 2010/0120919 (all of which are
hereby incorporated by reference in their entireties). Methods
of making carboxy-2-phenyl-benzoxazoles, as well as phar-
maceutical compositions comprising the same, are also
described therein.

Compound 1 stabilizes the protein transthyretin (TTR),
dissociation of which is implicated in TTR amyloidosis (i.e.,
Compound 1 prevents dissociation of the native TTR tetramer
into monomers, which results in the inhibition of TTR amy-
loid fibril formation) and is being developed for use in the
treatment of transthyretin amyloid diseases.

Solid forms are of interest to the pharmaceutical industry
and especially to those involved in the development of suit-
able dosage forms. If the solid form is not held constant
during clinical or stability studies, the exact dosage form used
or studied may not be comparable from one lot to another. It
is also desirable to have processes for producing a compound
with the selected solid form in high purity when the com-
pound is used in clinical studies or commercial products since
impurities present may produce undesired toxicological
effects. Certain solid forms may also exhibit enhanced ther-
modynamic stability or may be more readily manufactured in
high purity in large quantities, and thus are more suitable for
inclusion in pharmaceutical formulations. Certain solid
forms may display other advantageous physical properties
such as lack ofhygroscopic tendencies, filterability, improved
solubility, and enhanced rates of dissolution due to different
lattice energies.

10

15

20

25

30

35

40

45

50

55

60

65

2

The discussion of the background to the invention herein is
included to explain the context of the present invention. This
is not to be taken as an admission that any of the material
referred to was published, known, or part of the common
general knowledge in any country as of the priority date of
any of the claims.

SUMMARY OF THE INVENTION

Although multiple solid forms of Compound 1 have been
identified, each solid form can be uniquely identified by sev-
eral different analytical parameters, alone or in combination,
such as, but not limited to: powder X-ray diffraction pattern
peaks or combinations of two or more peaks; solid state NMR
13C chemical shifts or combinations of two or more chemical
shifts; Raman shift peaks or combinations of two or more
Raman shift peaks; and Infrared shift peaks or combinations
of'two or more infrared shift peaks or combinations thereof.

One aspect of the present invention provides a crystalline
form of 6-carboxy-2-(3,5-dichlorophenyl)-benzoxazole
meglumine, represented as Compound 1, wherein said crys-
talline form has a powder X-ray diffraction pattern compris-
ing peaks at diffraction angles (20) 0£10.7+£0.2,11.8+0.2, and
13.320.2. In another embodiment, the crystalline form of
Compound 1 has a powder X-ray diffraction pattern compris-
ing peaks at diffraction angles (20) of 10.7£0.2, 11.8+0.2,
13.320.2, and 14.8+0.2. In another embodiment, the crystal-
line form of Compound 1 has a powder X-ray diffraction
pattern comprising peaks at diffraction angles (20) of
10.7£0.2, 11.8+0.2, 13.3£0.2, 14.820.2 and 21.7+0.2.

Another aspect of the present invention provides a crystal-
line form of Compound 1, wherein said crystalline form has a
powder X-ray diffraction pattern comprising peaks at diffrac-
tion angles (26) essentially the same as shown in FIG. 1A.

Another aspect of the present invention provides a liquid
crystalline form of Compound 1, wherein said liquid crystal-
line form has a powder X-ray diffraction peak position essen-
tially the same as shown in FIG. 2A. Another aspect of the
present invention provides a liquid crystalline form of Com-
pound 1, wherein said liquid crystalline form has a powder
X-ray diffraction peak position essentially the same as shown
in FIG. 2B.

Another aspect of the present invention provides an amor-
phous form of Compound 1, wherein said amorphous form
has a powder X-ray diffraction peak position essentially the
same as shown in FIG. 3A. Another aspect of the present
invention provides an amorphous form of Compound 1,
wherein said amorphous form has a powder X-ray diffraction
peak position essentially the same as shown in FIG. 3B.

Another aspect of the present invention provides a crystal-
line form of Compound 1, wherein said crystalline form has a
Raman spectrum comprising Raman shift peaks (cm™) at
1625%2, 15962, and 1548+2. In another embodiment, the
crystalline form of Compound 1 has a Raman spectrum com-
prising Raman shift peaks (cm™) at 1625£2, 16162,
15962, and 1548+2. In another embodiment, the crystalline
form of Compound 1 has a Raman spectrum comprising
Raman shift peaks (cm™') at 1625+2, 161622, 15962,
1574+2 and 1548+2.

Another aspect of the present invention provides a crystal-
line form of Compound 1, wherein said crystalline form has a
Raman spectrum comprising Raman shift peaks (cm™) at
positions essentially the same as shown in FIG. 4A.

Another aspect of the present invention provides a liquid
crystalline form of Compound 1, wherein said liquid crystal-
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line form has a Raman spectrum comprising Raman shift
peaks (cm™) at positions essentially the same as shown in
FIG. 5A.

Another aspect of the present invention provides an amor-
phous form of Compound 1, wherein said amorphous form
has a Raman spectrum comprising Raman shift peaks (cm™)
at positions essentially the same as shown in FIG. 6A.

Another aspect of the present invention provides a crystal-
line form of Compound 1, wherein said crystalline form has
an infrared spectrum comprising infrared shift peaks (cm™)
at 1581+2, 1273£2, 1010+2, 906+2 and 873%2.

Another aspect of the present invention provides a crystal-
line form of Compound 1, wherein said crystalline form has
an infrared spectrum comprising infrared shift peaks (cm™)
essentially the same as shown in FIG. 7A.

Another aspect of the present invention provides a liquid
crystalline form of Compound 1, wherein said liquid crystal-
line form has an infrared spectrum comprising infrared shift
peaks (cm™) at 1547x2, 12642, 936x2, 8612, and 6322.

Another aspect of the present invention provides a liquid
crystalline form of Compound 1, wherein said liquid crystal-
line form has an infrared spectrum comprising infrared shift
peaks (cm™!) essentially the same as shown in FIG. 8A.

Another aspect of the present invention provides an amor-
phous form of Compound 1, wherein said amorphous form
has an infrared spectrum comprising infrared shift peaks
(cm™") at 15472, 126222, 9352, 8622 and 8022,

Another aspect of the present invention provides an amor-
phous form of Compound 1, wherein said amorphous form
has an infrared spectrum comprising infrared shift peaks
(cm™") essentially the same as shown in FIG. 9A.

Another aspect of the present invention provides a crystal-
line form of Compound 1, wherein said crystalline form has a
solid state NMR spectrum comprising *C chemical shifts
(ppm) at 112.6+0.2, 133.92£0.2, and 171.5+0.2.

Another aspect of the present invention provides a crystal-
line form of Compound 1, wherein said crystalline form has a
solid state NMR spectrum comprising *C chemical shifts at
positions essentially the same as shown in FIG. 10A.

Another aspect of the present invention provides a liquid
crystalline form of Compound 1, wherein said liquid crystal-
line form has a solid state NMR spectrum comprising **C
chemical shifts (ppm) at 118.5+£0.5, 136.3+£0.5, and
159.920.5.

Another aspect of the present invention provides a liquid
crystalline form of Compound 1, wherein said liquid crystal-
line form has a solid state NMR spectrum comprising **C
chemical shifts at positions essentially the same as shown in
FIG. 11A.

Another aspect of the present invention provides an amor-
phous form of Compound 1, wherein said amorphous form
has a solid state NMR spectrum comprising **C chemical
shifts (ppm) at 135.420.5, 143.4+0.5, and 161.0+0.5.

Another aspect of the present invention provides an amor-
phous form of Compound 1, wherein said amorphous form
has a solid state NMR spectrum comprising **C chemical
shifts at positions essentially the same as shown in FIG. 12A.

Another aspect of the present invention provides a crystal-
line form of Compound 1, wherein said crystalline form has a
Raman spectrum comprising a Raman shift peak (cm™') at
1625 cm=+2; and a solid state NMR spectrum comprising a
13C chemical shift (ppm) at 133.9+0.2.

Another aspect of the present invention provides a crystal-
line form of Compound 1, wherein said crystalline form has a
Raman spectrum comprising a Raman shift peak (cm™') at
1625 cm=+2; and a solid state NMR spectrum comprising a
13C chemical shift (ppm) at 171.5+0.2.
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Another aspect of the present invention provides a liquid
crystalline form of Compound 1, wherein said crystalline
form has a Raman spectrum comprising a Raman shift peak
(cm™") at 1573 cm=2; and a solid state NMR spectrum com-
prising a **C chemical shift (ppm) at 136.30.2.

Another aspect of the present invention provides an amor-
phous form of Compound 1, wherein said crystalline form has
a Raman spectrum comprising a Raman shift peak (cm™) at
1573 cm=+2; and a solid state NMR spectrum comprising a
13C chemical shift (ppm) at 143.40.2.

In certain embodiments, the present invention relates to
any of the above-referenced crystalline forms of Compound
1, wherein said form is non-hygroscopic and anhydrous.

In certain embodiments, the present invention relates to
any of the above-referenced crystalline forms of Compound
1, wherein said form comprises a plurality of small crystal-
lites of Compound 1.

In certain embodiments, the present invention relates to
any of the above-referenced crystalline forms of Compound
1, wherein said form comprises a plurality of needle shaped
crystals of Compound 1.

In a further aspect, the present invention contemplates that
any one of the solid forms of Compound 1 as described herein
can exist in the presence of the any other of the solid forms or
mixtures thereof. Accordingly, in one embodiment, the
present invention provides the crystalline form, the liquid
crystalline form or the amorphous form of Compound 1 as
described herein, wherein said crystalline, liquid crystalline
oramorphous form is present in a solid form that includes less
than 95%, less than 90%, less than 80%, less than 70%, less
than 60%, less than 50%, less than 40%, less than 30%, less
than 20%, less than 10%, less than 5%, less than 3%, or less
than 1% by weight of any other physical forms of Compound
1. For example, in one embodiment is a solid form of Com-
pound 1 comprising a crystalline form of Compound 1 that
has any one of the powder X-ray diffraction patterns, Raman
spectra, IR spectra and/or NMR spectra described above,
wherein said solid form includes less than 95%, less than
90%, less than 80%, less than 70%, less than 60%, less than
50%, less than 40%, less than 30%, less than 20%, less than
10%, less than 5%, less than 3%, or less than 1% by weight of
any other physical forms of Compound 1.

In certain embodiments, the present invention relates to
any of the above-referenced forms of Compound 1, wherein
said form is substantially pure (i.e., a substantially pure crys-
talline form, a substantially pure liquid crystalline form, or a
substantially pure amorphous form).

A further aspect of the present invention provides a phar-
maceutical composition comprising the crystalline, liquid
crystalline or amorphous forms of Compound 1 as described
herein. In a further aspect, the invention provides an oral
dosage form comprising the crystalline, liquid crystalline or
amorphous forms of Compound 1 or pharmaceutical compo-
sitions described herein. For example, in one embodiment the
oral dosage form is a tablet, pill or capsule. For example, in
one embodiment, the oral dosage form is a tablet or capsule.

In one embodiment the invention provides a tablet com-
prising any of the solid forms of Compound 1 or pharmaceu-
tical compositions described herein. For example, in one
embodiment the tablet comprises from about 1 to about 10 mg
of'the crystalline form of Compound 1. Further, for example,
the tablet comprises from about 1 to about 5 mg of the crys-
talline form of Compound 1. Even further, for example, the
tablet comprises about 1 mg of the crystalline form of Com-
pound 1. Even further, for example, the tablet comprises
about 2 mg, about 3 mg, about 4 mg, or about 5 mg of the
crystalline form of Compound 1.
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In one embodiment the invention provides a soft gelatin
capsule comprising any of the solid forms of Compound 1 or
pharmaceutical compositions described herein. For example,
in one embodiment the soft gelatin capsule comprises from
about 1 to about 10 mg of the crystalline form of Compound
1. Further, for example, the soft gelatin capsule comprises
from about 1 to about 5 mg of the crystalline form of Com-
pound 1. Even further, for example, the soft gelatin capsule
comprises about 1 mg of the crystalline form of Compound 1.
Even further, for example, the soft gelatin capsule comprises
about 2 mg, about 3 mg, about 4 mg, or about 5 mg of the
crystalline form of Compound 1.

A further aspect of the present invention provides a method
for preparing Compound 1 in crystalline form, said method
comprising heating 6-carboxy-2-(3,5-dichlorophenyl)-ben-
zoxazole and adding a solution of N-methyl-D-glucamine in
water dropwise. For example, in one embodiment, said heat-
ing is carried out in the presence of an appropriate solvent. In
one embodiment, the solvent comprises 2-propanol and
water.

A further aspect of the present invention provides a method
for preparing Compound 1 in liquid crystalline form, said
method comprising dissolving crystalline Compound 1 in
water, freezing the resulting solution and freeze drying the
resulting frozen solution.

A further aspect of the presents invention provides a
method for preparing Compound 1 in amorphous form, said
method comprising heating crystalline Compound 1 in a con-
tainer until it melts and then placing the container in liquid
nitrogen. For example, in one embodiment, said container is
an aluminum pan and said heating is carried out on a hot plate
at 200° C.

A further aspect of the present invention provides a method
of treating transthyretin amyloid diseases, such as senile sys-
temic amyloidosis (SSA), familial amyloid polyneuropathy
(FAP) and familial amyloid cardiomyopathy (FAC), in a
mammal, the method comprising administering to the mam-
mal a therapeutically effective amount of any of the solid
forms of Compound 1 or any of the pharmaceutical compo-
sitions described herein. In certain embodiments, the solid
form administered is the crystalline form. In certain embodi-
ments, the solid form administered is the liquid crystalline
form. In certain embodiments, the solid form administered is
the amorphous form.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts (a) a XRPD pattern of crystalline Compound
1 carried out on a Bruker D8 diffractometer and (b) a corre-
sponding peak list.

FIG. 2 depicts (a) a XRPD pattern of liquid crystalline
Compound 1 carried out on a Bruker D8 diffractometer and
(b) shows the processed version of the same.

FIG. 3 depicts (a) a XRPD pattern of amorphous Com-
pound 1 carried out on a Bruker D8 diffractometer and (b)
shows the processed version of the same.

FIG. 4 depicts (a) a Raman spectrum of crystalline Com-
pound 1 carried out on a Nicolet NXR FT-Raman spectrom-
eter equipped with a 1064 nm Nd:YVO, laser and a liquid
cooled Germanium detector and (b) a corresponding peak list.

FIG. 5 depicts (a) a Raman spectrum of liquid crystalline
Compound 1 carried out on a Nicolet NXR FT-Raman spec-
trometer equipped with a 1064 nm Nd:YVO, laser and a
liquid cooled Germanium detector and (b) a corresponding
peak list.

FIG. 6 depicts (a) a Raman spectrum of amorphous Com-
pound 1 carried out on a Nicolet NXR FT-Raman spectrom-
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eter equipped with a 1064 nm Nd:YVO, laser and a liquid
cooled Germanium detector and (b) a corresponding peak list.

FIG. 7 depicts (a) a infrared spectrum of crystalline Com-
pound 1 carried out on a Nicolet 6700 FTIR spectrometer
equipped with a KBr beamsplitter and a d-TGS KBR detector
and (b) a corresponding peak list.

FIG. 8 depicts (a) a infrared spectrum of liquid crystalline
Compound 1 carried out on a Nicolet 6700 FTIR spectrom-
eter equipped with a KBr beamsplitter and a d-TGS KBR
detector and (b) a corresponding peak list.

FIG. 9 depicts (a) a infrared spectrum of amorphous Com-
pound 1 carried out on a Nicolet 6700 FTIR spectrometer
equipped with a KBr beamsplitter and a d-TGS KBR detector
and (b) a corresponding peak list.

FIG. 10 depicts (a) a *C solid state NMR spectrum of
crystalline Compound 1 carried out on a Bruker-Biospin 4
mm CPMAS probe positioned into a wide-bore Bruker-Bio-
spin Avance I1I 500 MHz NMR spectrometer and (b) a cor-
responding peak list. The chemical shifts are referenced to an
external sample of solid phase adamantane at 29.5 ppm.

FIG. 11 depicts (a) a >C solid state NMR spectrum of
liquid crystalline Compound 1 carried out on a Bruker-Bio-
spin 4 mm CPMAS probe positioned into a wide-bore
Bruker-Biospin Avance 111 500 MHz NMR spectrometer and
(b) a corresponding peak list. The chemical shifts are refer-
enced to an external sample of solid phase adamantane at 29.5
ppm.

FIG. 12 depicts (a) a *>C solid state NMR spectrum of
amorphous Compound 1 carried out on a Bruker-Biospin 4
mm CPMAS probe positioned into a wide-bore Bruker-Bio-
spin Avance I1I 500 MHz NMR spectrometer and (b) a cor-
responding peak list. The chemical shifts are referenced to an
external sample of solid phase adamantane at 29.5 ppm.

DETAILED DESCRIPTION OF THE INVENTION

Ithas been found that Compound 1 can exist in a crystalline
form, a two-dimensionally ordered liquid crystalline form or
anamorphous form. These forms may be used in a formulated
product for the treatment of transthyretin amyloid diseases.
Each form may have advantages over the others in terms of
properties such as bioavailability, stability, and manufactur-
ability. In one aspect of the invention, a crystalline form of
Compound 1 has been discovered which is likely to be more
suitable for bulk preparation and handling than the liquid
crystalline or amorphous forms. Processes for producing the
crystalline form of Compound 1 in high purity are described
herein. Another object of the present invention is to provide a
process for the preparation of each solid form of Compound
1, substantially free from other solid forms of Compound 1.
Additionally it is an object of the present invention to provide
pharmaceutical formulations comprising Compound 1 in dif-
ferent solid forms as discussed above, and methods of treating
transthyretin amyloid diseases by administering such phar-
maceutical formulations.

Definitions

The term “treating”, as used herein, unless otherwise indi-
cated, means reversing, alleviating, inhibiting the progress of,
or preventing the disorder or condition to which such term
applies, or one or more symptoms of such disorder or condi-
tion. The term “treatment”, as used herein, unless otherwise
indicated, refers to the act of “treating” as defined immedi-
ately above.

As used herein, transthyretin or TTR is a 55 kDa homotet-
ramer characterized by 2,2,2 symmetry, having two identical
funnel-shaped binding sites at the dimer-dimer interface,
where thyroid hormone (T4) can bind in blood plasma and
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CSF. TTR is typically bound to less than 1 equivalents of holo
retinol binding protein. TTR is a 127-residue protein that
tetramerizes under physiological conditions. TTR serves as
the tertiary transporter of thyroxine in the serum and the
primary carrier in the cerebrospinal fluid. TTR also transports
retinol through its association with retinol binding protein.
TTR forms amyloid at low pH.

As used herein, “6-carboxy-2-(3,5-dichlorophenyl)-ben-
zoxazole” can be represented by the following chemical
structure:

Q Cl
(6]
HO
N
Cl

As used herein, “meglumine” can be represented by the
following chemical structure:

H

X
e - \/\/\l/\OH

H OH

H

mmd
e

o

As used herein, the term “substantially pure” with refer-
ence to a particular crystalline, liquid crystalline or amor-
phous form means that the crystalline or amorphous form
includes less than 10%, preferably less than 5%, preferably
less than 3%, preferably less than 1% by weight of any other
physical forms of the compound.

As used herein, the term “essentially the same” with refer-

ence to X-ray diffraction peak positions means that typical
peak position and intensity variability are taken into account.
For example, one skilled in the art will appreciate that the
peak positions (20) will show some variability, typically as
much as 0.1 to 0.2 degrees, as well as on the apparatus being
used to measure the diffraction. Further, one skilled in the art
will appreciate that relative peak intensities will show inter-
apparatus variability as well as variability due to degree of
crystallinity, preferred orientation, prepared sample surface,
and other factors known to those skilled in the art, and should
be taken as qualitative measures only. Similarly, as used
herein, “essentially the same” with reference to solid state
NMR spectra and Raman spectra is intended to also encom-
pass the variabilities associated with these analytical tech-
niques, which are known to those of skill in the art. For
example, '*C chemical shifts measured in solid state NMR
will typically have a variability of up to 0.2 ppm for well
defined peaks, and even larger for broad lines, while Raman
and infrared shifts will typically have a variability of about 2
cm™.
The term “polymorph” refers to different crystalline forms
of the same Compound and includes, but is not limited to,
other solid state molecular forms including hydrates (e.g.,
bound water present in the crystalline structure) and solvates
(e.g., bound solvents other than water) of the same com-
pound.

The term “liquid crystal” refers to any solid substance
which is ordered in two dimensions. In some instances, amor-
phous solids may be characterized by known techniques,
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including X-ray powder diffraction (XRPD) crystallography,
solid state nuclear magnet resonance (ssNMR) spectroscopy,
differential scanning calorimetry (DSC), or some combina-
tion of these techniques. As illustrated, below, liquid crystal-
line solids give diffuse XRPD patterns, typically comprised
of one or two broad peaks (i.e., peaks having base widths of
about 5° 20 or greater).

The term “amorphous” refers to any solid substance which
lacks order in three dimensions. In some instances, amor-
phous solids may be characterized by known techniques,
including X-ray powder diffraction (XRPD) crystallography,
solid state nuclear magnet resonance (ssNMR) spectroscopy,
differential scanning calorimetry (DSC), or some combina-
tion of these techniques. As illustrated, below, amorphous
solids give diffuse XRPD patterns, typically comprised of one
ortwo broad peaks (i.e., peaks having base widths of about 5°
20 or greater).

The term “crystalline” refers to any solid substance exhib-
iting three-dimensional order, which in contrast to an amor-
phous solid substance, gives a distinctive XRPD pattern with
sharply defined peaks.

The term “solvate” describes a molecular complex com-
prising the drug substance and a stoichiometric or non-sto-
ichiometric amount of one or more solvent molecules (e.g.,
ethanol). When the solvent is tightly bound to the drug the
resulting complex will have a well-defined stoichiometry that
is independent of humidity. When, however, the solvent is
weakly bound, as in channel solvates and hygroscopic com-
pounds, the solvent content will be dependent on humidity
and drying conditions. In such cases, the complex will often
be non-stoichiometric.

Theterm “hydrate” describes a solvate comprising the drug
substance and a stoichiometric or non-stoichiometric amount
of water.

The term “powder X-ray diffraction pattern” or “PXRD
pattern” refers to the experimentally observed diffractogram
or parameters derived therefrom. Powder X-Ray diffraction
patterns are characterized by peak position (abscissa) and
peak intensities (ordinate).

The term “2 theta value” or “260” refers to the peak position
in degrees based on the experimental setup of the X-ray
diffraction experiment and is a common abscissa unit in dif-
fraction patterns. The experimental setup requires that if a
reflection is diffracted when the incoming beam forms an
angle theta (0) with a certain lattice plane, the reflected beam
is recorded at an angle 2 theta (26). It should be understood
that reference herein to specific 20 values for a specific solid
form is intended to mean the 26 values (in degrees) as mea-
sured using the X-ray diffraction experimental conditions as
described herein. For example, as described herein, CuKa,
(wavelength 1.54056 A) was used as the source of radiation.

The term “pharmaceutical composition” refers to a com-
position comprising one or more of the solid forms of Com-
pound 1 described herein, and other chemical components,
such as physiologically/pharmaceutically acceptable carri-
ers, diluents, vehicles and/or excipients. The purpose of a
pharmaceutical composition is to facilitate administration of
a Compound to an organism, such as a human or other mam-
mal.

The term “pharmaceutically acceptable” “carrier”, “dilu-
ent”, “vehicle”, or “excipient” refers to a material (or mate-
rials) that may be included with a particular pharmaceutical
agent to form a pharmaceutical composition, and may be
solid or liquid. Exemplary of solid carriers are lactose,
sucrose, talc, gelatin, agar, pectin, acacia, magnesium stear-
ate, stearic acid and the like. Exemplary of liquid carriers are
syrup, peanut oil, olive oil, water and the like. Similarly, the
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carrier or diluent may include time-delay or time-release
material known in the art, such as glyceryl monostearate or
glyceryl distearate alone or with a wax, ethylcellulose,
hydroxypropylmethylcellulose, methyl methacrylate and the
like.

Solid Forms of Compound 1

The solid forms of Compound 1 can be characterized by
one or more of the following: powder X-ray diffraction pat-
tern (i.e., X-ray diffraction peaks at various diffraction angles
(20)), solid state nuclear magnetic resonance (NMR) spectral
pattern, Raman spectral diagram pattern, Infrared spectral
pattern, aqueous solubility, light stability under International
Conference on Harmonization (ICH) high intensity light con-
ditions, and physical and chemical storage stability. For
example, a crystalline form, a two-dimensionally ordered
liquid crystalline form and an amorphous form (discussed
below) of Compound 1 were each characterized by the posi-
tions and relative intensities of peaks in their powder X-ray
diffraction patterns.

The powder X-ray diffraction patterns of the solid forms of
Compound 1 was collected using a Bruker D8 diffractometer
equipped with a Cu radiation source, fixed slits (diver-
gence=1.0 mm, anti-scatter=0.6 mm, and receiving=0.6 mm)
and a scintillation counter detector. Data were collected in the
Theta-Theta goniometer at the Cu wavelength Ko, =1.54056
A from 3.0to 40.0 degrees 2-Theta using a step size of 0.040
degrees and a step time 0f 2.0 second. X-ray tube voltage and
amperage were set at 40kV and 40 mA respectively. Samples
were prepared by placement in a Nickel Disk (Gasser & Sons,
Inc. Commack, N.Y.) and rotated during data collection. Data
were collected and analyzed using Bruker DIFFRAC Plus
software (Version 2.6). PXRD data files (.raw) were not pro-
cessed prior to peak searching. Generally, a Threshold value
of'1 and a Width value of 0.3 were used to make preliminary
peak assignments. The output of automated assignments was
visually checked to ensure validity and adjustments manually
made if necessary. Additionally, peaks were manually
assigned within spectra if appropriate.

To perform an X-ray diffraction measurement on a Bragg-
Brentano instrument like the Bruker system used for mea-
surements reported herein, the sample is typically placed into
aholder which has a cavity. The sample powder is pressed by
a glass slide or equivalent to ensure a random surface and
proper sample height. The sample holder is then placed into
the instrument. The incident X-ray beam is directed at the
sample, initially at a small angle relative to the plane of the
holder, and then moved through an arc that continuously
increases the angle between the incident beam and the plane
of the holder. Measurement differences associated with such
X-ray powder analyses result from a variety of factors includ-
ing: (a) errors in sample preparation (e.g., sample height); (b)
instrument errors (e.g., flat sample errors); (c) calibration
errors; (d) operator errors (including those errors present
when determining the peak locations); and (e) the nature of
the material (e.g., preferred orientation and transparency
errors). Calibration errors and sample height errors often
result in a shift of all the peaks in the same direction. Small
differences in sample height when using a flat holder will lead
to large displacements in PXRD peak positions. A systematic
study showed that, using a Shimadzu XRD-6000 in the typi-
cal Bragg-Brentano configuration, sample height difference
of' 1 mm led to peak shifts as high as 1 degree (26 (Chen et al.,
J Pharmaceutical and Biomedical Analysis 26:63 (2001)).
These shifts can be identified from the X-ray diffractogram
and can be eliminated by compensating for the shift (applying
a systematic correction factor to all peak position values) or
recalibrating the instrument. As mentioned above, it is pos-
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sible to rectify measurements from the various machines by
applying a systematic correction factor to bring the peak
positions into agreement. In general, this correction factor
will bring the measured peak positions from the Bruker into
agreement with the expected peak positions and may be in the
range of 0 to 0.2 degrees (20).

One of'skill in the art will appreciate that the peak positions
(206) will show some inter-apparatus variability, typically as
much as 0.1 to 0.2 degrees (20). Accordingly, where peak
positions (26) are reported, one of skill in the art will recog-
nize that such numbers are intended to encompass such inter-
apparatus variability. Furthermore, where the crystalline
forms of the present invention are described as having a
powder X-ray diffraction peak position essentially the same
as that shown in a given figure, the term “essentially the same”
is also intended to encompass such inter-apparatus variability
in diffraction peak positions. Further, one skilled in the art
will appreciate that relative peak intensities will show inter-
apparatus variability as well as variability due to the degree of
crystallinity, preferred orientation, prepared sample surface,
and other factors known to those skilled in the art, and should
be taken as qualitative measures only.

The solid forms of the present invention can also be char-
acterized Raman spectroscopy. Raman spectra were collected
using a Nicolet NXR FT-Raman accessory attached to an
FT-IR bench. The spectrometer is equipped with a 1064 nm
Nd:YVO4 laser and a liquid nitrogen cooled Germanium
detector. Prior to data acquisition, instrument performance
and calibration verifications were conducted using polysty-
rene. Samples were analyzed in glass NMR tubes that were
spun during spectral collection. The spectra were collected
using 0.5 W of laser power and 400 co-added scans. The
collection range was 3700-50 cm-1. Spectra were recorded
using 2 cm-1 resolution, and Happ-Genzel apodization.
Peaks were manually identified using the Thermo Nicolet
Omnic 7.4 software. Peak positions were picked at the peak
maxima. Relative intensity values were classified as strong
(S), medium (M) and weak (W) using the following criteria:
strong (1.00-0.50); medium (0.49-0.10) and weak (0.09 and
below).

The solid forms of the present invention can also be char-
acterized using Infrared (IR) spectroscopy. The IR spectra
were acquired using a Nicolet 6700 FTIR spectrometer
equipped with a KBr beamsplitter and a d-TGS KBr detector.
A Specac Golden Gate Mk II single reflection diamond ATR
accessory was used for sampling. A nitrogen purge was con-
nected to the IR bench as well as the ATR accessory. The
Golden Gate ATR anvil was in the up position when the air
background is collected. Powder samples were compressed
against the diamond window by the Golden Gate anvil.
Approximately 50 cN-m of torque was applied to the sample
when the anvil was completely compressed into the sample.
Spectra were collected at 2 cm™ resolution with 256 co-
added scans. The collection range was 4000-525 cm™". Happ-
Genzel apodization was used. No additional sample prepara-
tion is needed with the ATR technique. Peaks were manually
identified using the Thermo Nicolet Omnic 7.4 software.
Peak positions were picked at the peak maxima. Intensity
values were classified as strong (S), medium (M) and weak
(W) using the following criteria: strong (1.00-0.50); medium
(0.49-0.40) and weak (0.39 and below). Features in the region
between 2400-1900 cm™ are present in all spectra run by the
Golden Gate d-ATR, so peaks in this region were not used for
solid form identification and are not included in the peak list
(Ferrer, N.; Nogués-Carulla, J. M. Diamond and Related
Materials 1996, 5, 598-602. Thongnopkun, P.; Ekgasit, S.
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Diamond and Related Materials 2005, 14, 1592-1599. Pike
Technologies Technical Note: Pike Reflections, Winter 2002,
Vol. 7/1; www.piketech.com).

The different forms of the present invention can also be
characterized using solid state NMR spectroscopy.

The »3C solid state spectra for the crystalline and amor-
phous forms can be collected as follows. Approximately 80
mg of sample were tightly packed into a 4 mm ZrO, rotor.
Spectra were collected on a Bruker-Biospin 4 mm CPMAS
probe positioned into a wide-bore Bruker-Biospin Avance 111
500 MHz (*H frequency) NMR spectrometer. The packed
rotor was oriented at the magic angle and spun at 15.0 kHz.
The sample was cooled to 25.0° C. with a direct stream of
nitrogen. The *2C solid state spectra were collected using a
proton decoupled cross-polarization magic angle spinning
(CPMAS) experiment. The cross-polarization contact time
was set to 2.0 ms. A proton decoupling field of approximately
100 kHz was applied during acquisition. 2048 scans were
collected with a 6.5 second recycle delay. The spectra were
referenced using an external standard of crystalline adaman-
tane, setting its upfield resonance to 29.5 ppm. Automatic
peak picking was performed using Bruker-BioSpin TopSpin
version 3.0 software. Generally, a threshold value of 10 was
used to preliminary select peaks. The output of the automated
peak picking was visually checked to ensure validity and
adjustments manually made if necessary.

The '3C solid state spectra for the liquid crystalline form
can be collected as follows. Approximately 10 mg of sample
was centered in a 4 mm ZrO, rotor. Spectra were collected on
a Bruker-Biospin 4 mm CPMAS probe positioned into a
wide-bore Bruker-Biospin Avance III 500 MHz (‘H fre-
quency) NMR spectrometer. The packed rotor was oriented at
the magic angle and spun at 6.0 kHz. The sample was cooled
t0 25.0° C. with a direct stream of nitrogen. The **C solid state
spectra were collected using a proton decoupled cross-polar-
ization magic angle spinning (CPMAS) experiment using
total suppression of spinning side-bands (TOSS). The cross-
polarization contact time was set to 2.0 ms. A proton decou-
pling field of approximately 85 kHz was applied during
acquisition. 10240 scans were collected with a 3 second
recycle delay. The spectrum was referenced using an external
standard of crystalline adamantane, setting its upfield reso-
nance to 29.5 ppm. Automatic peak picking was performed
using Bruker-BioSpin TopSpin version 3.0 software. Gener-
ally, a threshold value of 10 was used to preliminary select
peaks. The output of the automated peak picking was visually
checked to ensure validity and adjustments manually made if
necessary.

One of skill in the art will also recognize that crystalline
forms of a given compound can exist in substantially pure
forms of a single polymorph, but can also exist in a crystalline
form that comprises two or more different polymorphs or
amorphous forms. Where a solid form comprises two or more
polymorphs, the X-ray diffraction pattern will have peaks
characteristic of each of the individual polymorphs of the
present invention. For example, a solid form that comprises
two polymorphs will have a powder X-ray diffraction pattern
that is a convolution of the two X-ray diffraction patterns that
correspond to the substantially pure solid forms. For example,
a solid form of Compound 1 can contain a first and second
solid form where the solid form contains at least 10% by
weight of the first polymorph. In a further example, the solid
form contains at least 20% by weight of the first polymorph.
Even further examples contain at least 30%, at least 40%, or
at least 50% by weight of the first polymorph. One of skill in
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the art will recognize that many such combinations of several
individual polymorphs and amorphous forms in varying
amounts are possible.

Crystalline Form

A crystalline form of Compound 1 is a fully crystalline,
non-hygroscopic, anhydrous, mono-meglumine salt form
that can be produced as described in Example 1. Importantly,
this form has advantages over the free acid and other solid
forms of Compound 1. For example, the crystalline form has
improved solubility (>3.4 mg/mL in unbuffered water) com-
pared to the free acid (<11 ug/mL in unbuffered water. In
addition, in comparison to the other solid forms described
herein, the crystalline form has improved handling proper-
ties, as it is non-hygroscopic.

The crystalline form of Compound 1 was characterized by
the PXRD pattern shown in FIG. 1A, which was measured on
Bruker DS diffractometer equipped with a Cu radiation
source, fixed slits (divergence=1.0 mm, anti-scatter=0.6 mm,
and receiving=0.6 mm) and a scintillation counter detector.
The PXRD pattern of the crystalline form, expressed in terms
of the degree (20) and relative intensities with a relative
intensity of 10.0%, is shown in FIG. 1B. The relative inten-
sities may change depending on the crystal size and morphol-
ogy.

The crystalline form of Compound 1 was also character-
ized by the Raman spectral pattern shown in FIG. 4A, which
was carried out on a Nicolet NXR FT-Raman spectrometer
equipped with a 1064 nm Nd:YVO, laser and a liquid cooled
Germanium detector. The Raman spectral peaks of the crys-
talline form of Compound 1 are shown in FIG. 4B.

The crystalline form of Compound 1 was also character-
ized by the infrared spectral pattern shown in FIG. 7A, which
was carried out on a Nicolet 6700 FTIR spectrometer
equipped with a KBr beamsplitter and a d-TGS KBR detector.
The infrared spectral peaks of the crystalline form of Com-
pound 1 are shown in FIG. 7B.

The crystalline form of Compound 1 was also character-
ized by the solid state NMR spectral pattern shown in FIG.
10A, which was carried out on a Bruker-Biospin 4 mm
CPMAS probe positioned into a wide-bore Bruker-Biospin
Avance 111 500 MHz NMR spectrometer. The '*C chemical
shifts of the crystalline form of Compound 1 are shown in
FIG. 10B.

Liquid Crystalline Form

A liquid crystalline form of Compound 1 can be produced
as described in Example 2.

The liquid crystalline form of Compound 1 was character-
ized by the PXRD pattern shown in FIGS. 2A and 2B, which
was measured on Bruker D8 diffractometer equipped with a
Cu radiation source, fixed slits (divergence=1.0 mm, anti-
scatter=0.6 mm, and receiving=0.6 mm) and a scintillation
counter detector.

The liquid crystalline form of Compound 1 was also char-
acterized by the Raman spectral pattern shown in FIG. 5A,
which was carried out on a Nicolet NXR FT-Raman spec-
trometer equipped with a 1064 nm Nd:YVO, laser and a
liquid cooled Germanium detector. The Raman spectral peaks
of the liquid crystalline form of Compound 1 are shown in
FIG. 5B.

The liquid crystalline form of Compound 1 was also char-
acterized by the infrared spectral pattern shown in FIG. 8A,
which was carried out on a Nicolet 6700 FTIR spectrometer
equipped with a KBr beamsplitter and a d-TGS KBR detector.
The infrared spectral peaks of the liquid crystalline form of
Compound 1 are shown in FIG. 8B.

The liquid crystalline form of Compound 1 was also char-
acterized by the solid state NMR spectral pattern shown in
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FIG. 11A, which was carried out on a Bruker-Biospin 4 mm
CPMAS probe positioned into a wide-bore Bruker-Biospin
Avance 111 500 MHz NMR spectrometer. The **C chemical
shifts of the liquid crystalline form of Compound 1 are shown
in FIG. 11B.

Amorphous Form

An amorphous form of Compound 1 can be produced as
described in Example 3.

The amorphous form of Compound 1 was characterized by
the PXRD pattern shown in FIGS. 3A and 3B, which was
measured on Bruker D8 diffractometer equipped with a Cu
radiation source, fixed slits (divergence=1.0 mm, anti-scat-
ter=0.6 mm, and receiving=0.6 mm) and a scintillation
counter detector.

The amorphous form of Compound 1 was also character-
ized by the Raman spectral pattern shown in FIG. 6 A, which
was carried out on a Nicolet NXR FT-Raman spectrometer
equipped with a 1064 nm Nd:YVO, laser and a liquid cooled
Germanium detector. The Raman spectral peaks of the amor-
phous form of Compound 1 are shown in FIG. 6B.

The amorphous form of Compound 1 was also character-
ized by the infrared spectral pattern shown in FIG. 9A, which
was carried out on a Nicolet 6700 FTIR spectrometer
equipped with a KBr beamsplitter and a d-TGS KBR detector.
The infrared spectral peaks of the amorphous form of Com-
pound 1 are shown in FIG. 9B.

The amorphous form of Compound 1 was also character-
ized by the solid state NMR spectral pattern shown in FIG.
12A, which was carried out on a Bruker-Biospin 4 mm
CPMAS probe positioned into a wide-bore Bruker-Biospin
Avance 111 500 MHz NMR spectrometer. The **C chemical
shifts of the amorphous form of Compound 1 are shown in
FIG. 12B.

Pharmaceutical Compositions

The active agents (i.e., the solid forms of Compound 1
described herein) of the invention may be formulated into
pharmaceutical compositions suitable for mammalian medi-
cal use. Any suitable route of administration may be
employed for providing a patient with an effective dosage of
any of the solid forms of Compound 1. For example, peroral
or parenteral formulations and the like may be employed.
Dosage forms include capsules, tablets, dispersions, suspen-
sions and the like, e.g. enteric-coated capsules and/or tablets,
capsules and/or tablets containing enteric-coated pellets of
Compound 1. In all dosage forms, solid forms of Compound
1 can be admixed with other suitable constituents. The com-
positions may be conveniently presented in unit dosage
forms, and prepared by any methods known in the pharma-
ceutical arts. Pharmaceutical compositions of the invention
comprise a therapeutically effective amount of the active
agent and one or more inert, pharmaceutically acceptable
carriers, and optionally any other therapeutic ingredients,
stabilizers, or the like. The carrier(s) must be pharmaceuti-
cally acceptable in the sense of being compatible with the
other ingredients of the formulation and not unduly deleteri-
ous to the recipient thereof. The compositions may further
include diluents, buffers, binders, disintegrants, thickeners,
lubricants, preservatives (including antioxidants), flavoring
agents, taste-masking agents, inorganic salts (e.g., sodium
chloride), antimicrobial agents (e.g., benzalkonium chlo-
ride), sweeteners, antistatic agents, surfactants (e.g., polysor-
bates such as “TWEEN 20™” and “TWEEN 80™” and
Pluronic® F68 and F88, available from BASF), sorbitan
esters, lipids (e.g., phospholipids such as lecithin and other
phosphatidylcholines, phosphatidylethanolamines, fatty
acids and fatty esters, steroids (e.g., cholesterol)), and chelat-
ing agents (e.g., EDTA, zinc and other such suitable cations).
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Other pharmaceutical excipients and/or additives suitable for
use in the compositions according to the invention are listed in
Remington: The Science & Practice of Pharmacy, 19th ed.,
Williams & Williams, (1995), and in the “Physician’s Desk
Reference”, 52nd ed., Medical Economics, Montvale, N.J.
(1998), and in “Handbook of Pharmaceutical Excipients”,
3rd. Ed., Ed. A. H. Kibbe, Pharmaceutical Press, 2000. The
active agents of the invention may be formulated in compo-
sitions including those suitable for oral, rectal, topical, nasal,
ophthalmic, or parenteral (including intraperitoneal, intrave-
nous, subcutaneous, or intramuscular injection) administra-
tion.

The amount of the active agent in the formulation will vary
depending upon a variety of factors, including dosage form,
the condition to be treated, target patient population, and
other considerations, and will generally be readily deter-
mined by one skilled in the art. A therapeutically effective
amount will be an amount necessary to inhibit transthyretin
(TTR) dissociation (i.e. prevents dissociation of the native
TTR tetramer into monomers). Compositions will generally
contain anywhere from about 0.001% by weight to about 99%
by weight active agent, preferably from about 0.01% to about
5% by weight active agent, and more preferably from about
0.01% to 2% by weight active agent, and will also depend
upon the relative amounts of excipients/additives contained
in the composition.

A pharmaceutical composition of the invention is admin-
istered in conventional dosage form prepared by combining a
therapeutically effective amount of an active agent as an
active ingredient with one or more appropriate pharmaceuti-
cal carrier according to conventional procedures. These pro-
cedures may involve mixing granulating and compressing or
dissolving the ingredients as appropriate to the desired prepa-
ration.

The pharmaceutical carrier(s) employed may be either
solid or liquid. Exemplary solid carriers include lactose,
sucrose, talc, gelatin, agar, pectin, acacia, magnesium stear-
ate, stearic acid and the like. Exemplary liquid carriers
include syrup, peanut oil olive oil, water and the like. Simi-
larly, the carrier(s) may include time-delay or time release
materials known in the art, such as glyceryl monostearate or
glyceryl distearate alone or with a wax, ethylcellulose,
hydroxypropylmethylcellulose, methylmethacrylatt and the
like.

A variety of pharmaceutical forms can be employed. Thus,
if a solid carrier is used, the preparation can be tableted,
placed in a hard gelatin capsule in powder or pellet form or in
the form of a troche or lozenge. The amount of solid carrier
may vary, but generally will be from about 25 mg to about 1
g. Ifaliquid carrier is used, the preparation can be in the form
of syrup, emulsion, soft gelatin capsule, sterile injectable
solution or suspension in an ampoule or vial or non-aqueous
liquid suspension.

To obtain a stable water-soluble dose form, a pharmaceu-
tically acceptable salt of an active agent can be dissolved in an
aqueous solution of an organic or inorganic base, suchasa 0.3
M solution of meglumine. If a soluble salt form is not avail-
able, the active agent may be dissolved in a suitable co-
solvent or combinations of co-solvents. Examples of suitable
co-solvents include, but are not limited to, alcohol, propylene
glycol, polyethylene glycol 300, polysorbate 80, glycerin and
the like in concentrations ranging from 0-60% of the total
volume. The composition may also be in the form of a solu-
tion of a salt form of the active agent in an appropriate aque-
ous vehicle such as water or isotonic saline or dextrose solu-
tion.
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It will be appreciated that the actual dosages of Compound
1 used in the compositions of this invention will vary accord-
ing to the particular solid form being used, the particular
composition formulated, the mode of administration and the
particular site, host and disease being treated. Those skilled in
the art using conventional dosage-determination tests in view
of the experimental data for an agent can ascertain optimal
dosages for a given set of conditions. For oral administration,
an exemplary daily dose generally employed is from about
0.001 to about 1000 mg/kg of body weight, more preferably
from about 0.001 to about 50 mg/kg body weight, with
courses of treatment repeated at appropriate intervals.
Administration of prodrugs is typically dosed at weight levels
that are chemically equivalent to the weight levels of the fully
active form. In the practice of the invention, the most suitable
route of administration as well as the magnitude of a thera-
peutic dose will depend on the nature and severity of the
disease to be treated. The dose, and dose frequency, may also
vary according to the age, body weight, and response of the
individual patient. In general, a suitable oral dosage form may
cover a dose range from 0.5 mg to 100 mg of active ingredient
total daily dose, administered in one single dose or equally
divided doses. A preferred amount of Compound 1 in such
formulations is from about 0.5 mg to about 20 mg, such as
from about 1 mg to about 10 mg or from about 1 mg to about
5 mg.

The compositions of the invention may be manufactured in
manners generally known for preparing pharmaceutical com-
positions, e.g., using conventional techniques such as mixing,
dissolving, granulating, emulsifying, encapsulating, entrap-
ping or lyophilizing. Pharmaceutical compositions may be
formulated in a conventional manner using one or more
physiologically acceptable carriers, which may be selected
from excipients and auxiliaries that facilitate processing of
the active compounds into preparations that can be used phar-
maceutically.

For oral administration, a solid form of Compound 1 can be
formulated by combining the active agent with pharmaceuti-
cally acceptable carriers known in the art. Such carriers
enable the compounds of the invention to be formulated as
tablets, pills, capsules, gels, syrups, slurries, suspensions and
the like, for oral ingestion by a patient to be treated. Pharma-
ceutical preparations for oral use can be obtained using a solid
excipient in admixture with the active agent, optionally grind-
ing the resulting mixture, and processing the mixture of gran-
ules after adding suitable auxiliaries. Suitable excipients
include: fillers such as sugars, including lactose, sucrose,
mannitol, or sorbitol; and cellulose preparations, for example,
maize starch, wheat starch, rice starch, potato starch, gelatin,
gum, methyl cellulose, hydroxypropylmethyl-cellulose,
sodium carboxymethylcellulose, or polyvinylpyrrolidone
(PVP). If desired, disintegrating agents may be added, such as
crosslinked polyvinyl pyrrolidone, agar, or alginic acid or a
salt thereof such as sodium alginate.

Pharmaceutical preparations that can be used orally
include push-fit capsules made of gelatin, as well as soft,
sealed capsules made of gelatin and a plasticizer, such as
glycerol or sorbitol. The push-fit capsules can contain the
active ingredients in admixture with fillers such as lactose,
binders such as starches, and/or lubricants such as talc or
magnesium stearate, and, optionally, stabilizers. In soft cap-
sules, the active agents may be dissolved or suspended in
suitable liquids, such as fatty oils, liquid paraftin, or liquid
polyethylene glycols. In addition, stabilizers may be added.
All formulations for oral administration should be in dosages
suitable for such administration. For buccal administration,
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the compositions may take the form of tablets or lozenges
formulated in conventional manner.

For administration to the eye, the active agent is delivered
in a pharmaceutically acceptable ophthalmic vehicle such
that the compound is maintained in contact with the ocular
surface for a sufficient time period to allow the compound to
penetrate the corneal and internal regions of the eye, includ-
ing, for example, the anterior chamber, posterior chamber,
vitreous body, aqueous humor, vitreous humor, cornea, iris/
cilary, lens, choroid/retina and selera. The pharmaceutically
acceptable ophthalmic vehicle may be, for example, an oint-
ment, vegetable oil, or an encapsulating material. An active
agent of the invention may also be injected directly into the
vitreous and aqueous humor or subtenon.

Alternatively, the active ingredient may be in powder form
for constitution with a suitable vehicle, e.g., sterile pyrogen-
free water, before use. The compounds may also be formu-
lated in rectal or vaginal compositions such as suppositories
or retention enemas, e.g., containing conventional supposi-
tory bases such as cocoa butter or other glycerides.

In addition to the formulations described above, the solid
forms may also be formulated as a depot preparation. Such
long-acting formulations may be administered by implanta-
tion (for example, subcutaneously or intramuscularly) or by
intramuscular injection. Thus, for example, the solid forms
may be formulated with suitable polymeric or hydrophobic
materials (for example, as an emulsion in an acceptable oil) or
ion-exchange resins, or as sparingly soluble derivatives, for
example, as a sparingly soluble salt.

Additionally, solid forms of Compound 1 may be delivered
using a sustained-release system, such as semi-permeable
matrices of solid hydrophobic polymers containing the thera-
peutic agent. Various sustained-release materials have been
established and are known by those skilled in the art.

The pharmaceutical compositions also may comprise suit-
able solid- or gel-phase carriers or excipients. Examples of
such carriers or excipients include calcium carbonate, cal-
cium phosphate, sugars, starches, cellulose derivatives, gela-
tin, and polymers such as polyethylene glycols.

Applicants have discovered that 6-carboxy-2-(3,5-dichlo-
rophenyl)-benzoxazole alone can form a gel on contact with
aqueous vehicles, such as water, phosphate butfer and hydro-
chloric acid. Without wishing to be bound by theory, it
appears that such gel formation, upon oral administration, can
hinder dissolution and/or bioavailability of such compounds,
leading to, for example, stomach compaction and non-pro-
portional plasma levels of drug in the subject as compared to
the dose administered. Applicants have discovered pharma-
ceutical compositions of solid forms of Compound 1 (6-car-
boxy-2-(3,5-dichlorophenyl)-benzoxazole meglumine) that
surprisingly can be comparatively resistant to gel formation
and stomach compaction, and can have comparatively greater
dissolution and bioavailability, and can deliver drug levels
proportional to the administered dose. Moreover, in certain
embodiments, the pharmaceutical compositions of Com-
pound 1 can be stable to accelerated aging conditions, such as
elevated temperature and humidity. Consequently, the phar-
maceutical compositions herein are also contemplated for use
in or further combination with any conventional formulation
or route or method of administration where contact with water
or other aqueous vehicles may occur, e.g., contact with blood
or other body fluids as in various forms of parenteral admin-
istration (e.g., contact with blood in intravenous administra-
tion, implants, and the like), contact with mucous membranes
(e.g., suppositories via vaginal or rectal administration, dry
powder aerosols for pulmonary administration, transdermal
patches or lozenges applied to mucous membranes, and the
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like). In such routes of administration, the benefits of the
certain pharmaceutical compositions, such as resistance to
gel formation, greater dissolution and bioavailability, dose
proportionality, stability to storage, or the like may be ben-
eficial.

For example, in certain embodiments, the pharmaceutical
composition comprise a solid form of Compound 1 and a
polyethylene glycol having an average molecular weight of
between about 100 and about 1000, characterized in that the
solid form in the pharmaceutical composition has, compared
to the solid form alone, a greater dispersibility in water or
greater resistance to gel formation on contact with water. In
certain embodiments, the molecular weight of the polyethyl-
ene glycol is about 400.

In certain embodiments, the invention relates to any of the
aforementioned pharmaceutical compositions, wherein said
composition comprises PEG 400, Span™ 80 and/or polysor-
bate 80.

In certain embodiments, the invention relates to any of the
aforementioned pharmaceutical compositions, wherein said
solid form of Compound 1 is the crystalline form. In certain
embodiments, the invention relates to any of the aforemen-
tioned pharmaceutical compositions, wherein said solid form
of Compound 1 is the liquid crystalline form. In certain
embodiments, the invention relates to any of the aforemen-
tioned pharmaceutical compositions, wherein said solid form
of Compound 1 is the amorphous form.

Articles of Manufacture

The solid forms of Compound 1 may be packaged as
articles of manufacture containing packaging material, a solid
form of Compound 1 as provided herein, which is effective
for modulating TTR folding, or for treatment, prevention or
amelioration of one or more symptoms of TTR mediated
diseases or disorders, or diseases or disorders in which TTR
misfolding, is implicated, within the packaging material, and
a label that indicates that the solid form of Compound 1 is
used for modulating TTR folding, or for treatment, preven-
tion or amelioration of one or more symptoms of TTR medi-
ated diseases or disorders, or diseases or disorders in which
TTR misfolding is implicated.

The articles of manufacture provided herein contain pack-
aging materials. Packaging materials for use in packaging
pharmaceutical products are well known to those of skill in
the art. See, e.g., U.S. Pat. Nos. 5,323,907, 5,052,558 and
5,033,252, Examples of pharmaceutical packaging materials
include, but are not limited to, blister packs, bottles, tubes,
inhalers, pumps, bags, vials, containers, syringes, bottles, and
any packaging material suitable for a selected formulation
and intended mode of administration and treatment. A variety
of treatments for any disease or disorder in which TTR mis-
folding is implicated as a mediator or contributor to the symp-
toms or cause.

In certain embodiments, the invention relates to any of the
aforementioned articles of manufacture, wherein said solid
form of Compound 1 is the crystalline form. In certain
embodiments, the invention relates to any of the aforemen-
tioned articles of manufacture, wherein said solid form of
Compound 1 is the liquid crystalline form. In certain embodi-
ments, the invention relates to any of the aforementioned
articles of manufacture, wherein said solid form of Com-
pound 1 is the amorphous form.

In Vitro Biological Testing

A number of in vitro tests can be used to evaluate the solid
forms for their ability to stabilize transthyretin tetramers or
prevent formation of fibrils. The tests can include a fibril
formation assay, a plasma selectivity assay, determination of
the three-dimensional structure of a transthyretin compound
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complex (e. g. by X-ray crystallography), kinetics of tran-
sthyretin tetramer dissociation or fibril formations, and deter-
mining the stoichiometry and energetics of transthyretin
compound interactions, by, for example, centrifugation or
calorimetry. Details of exemplary in vitro assays are provided
in U.S. Pat. Nos. 7,214,695 and 7,214,696; and in U.S. Patent
Application Publication No. 2010/0120919 (all of which are
hereby incorporated by reference in their entireties).
Methods of Using the Solid Forms of the Invention

Solid forms of Compound 1 are useful for stabilizing the
protein transthyretin (TTR), dissociation of which is impli-
cated in TTR amyloidosis (i.e., prevents dissociation of the
native TTR tetramer into monomers, which results in the
inhibition of TTR amyloid fibril formation), thus providing
treatments for transthyretin amyloid diseases in mammals,
including humans.

At least some amyloid diseases appear to be caused by the
deposition of any one of more than 20 nonhomologous pro-
teins or protein fragments, ultimately affording a fibrillar
cross-p-sheet quaternary structure. Formation of amyloid
fibrils from a normally folded protein like transthyretin
requires protein misfolding to produce an assembly-compe-
tent intermediate. The process of transthyretin (TTR) amy-
loidogenesis appears to cause senile systemic amyloidosis
(SSA), familial amyloid polyneuropathy (FAP) and familial
amyloid cardiomyopathy (FAC). SSA is associated with the
deposition of wild-type TTR, while FAP and FAC are caused
by the amyloidogenesis of one of over 80 TTR variants. See,
for example, Colon, W.; Kelly, J. W. Biochemistry 1992, 31,
8654-60; Kelly, I. W. Curr. Opin. Struct. Biol. 1996, 6, 11-7;
Liu, K.; et al. Nat. Struct. Biol. 2000, 7, 754-7; Westermark,
P.; et al. Proc. Natl. Acad. Sci. U.S.A. 1990, 87, 2843-5;
Saraiva, M. I.; et al. J. Clin. Invest. 1985, 76, 2171-7; Jacob-
son, D. R.; et al. N. Engl. J Med. 1997, 336, 466-73; Bux-
baum, J. N.; Tagoe, C. E. Ann. Rev. Med. 2000, 51, 543-569;
and Saraiva, M. J. Hum. Mutat. 1995, 5, 191-6, each of which
is incorporated by reference in its entirety. Additional TTR
amyloid diseases include cardiac amyloidosis following liver
transplantation, peripheral nerve amyloidosis following liver
transplantation, leptomeningeal amyloidosis, transthyretin
mutant-associated carpal tunnel syndrome, vitreous deposi-
tion, and transthyretin mutant-associated skin amyloidosis.

Therapeutically effective amounts of Compound 1 may be
administered, typically in the form of a pharmaceutical com-
position, to treat diseases mediated by modulation or regula-
tion of TTR dissociation. An “effective amount™ is intended
to mean that amount of an agent that, when administered to a
mammal in need of such treatment, is sufficient to effect
treatment for a disease mediated by TTR dissociation. Thus,
a therapeutically effective amount of Compound 1 is a quan-
tity sufficient to modulate, regulate, or inhibit the dissociation
of TTR such that a disease condition that is mediated by that
activity is reduced or alleviated. “Treating” is intended to
mean at least the mitigation of a disease condition in a mam-
mal, such as a human, and includes: preventing the disease
condition from occurring in a mammal, particularly when the
mammal is found to be predisposed to having the disecase
condition but has not yet been diagnosed as having it; modu-
lating and/or inhibiting the disease condition; and/or allevi-
ating the disease condition. Exemplary disease conditions
include senile systemic amyloidosis (SSA), familial amyloid
polyneuropathy (FAP), familial amyloid cardiomyopathy
(FAC), cardiac amyloidosis following liver transplantation,
peripheral nerve amyloidosis following liver transplantation,
leptomeningeal amyloidosis, transthyretin mutant-associated
carpal tunnel syndrome, vitreous deposition, and transthyre-
tin mutant-associated skin amyloidosis.
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EXAMPLES

The examples which follow will further illustrate the
preparation of the distinct forms of the invention, i.e. a crys-
talline form, a two-dimensionally ordered liquid crystalline
form and an amorphous form, but are not intended to limit the
scope of the invention as defined herein or as claimed below.

Example 1
Preparation of Crystalline Compound 1

6-Carboxy-2-(3,5-dichlorophenyl)-benzoxazole free acid
(2.5 g, 8.1 mmol) and 2-propanol (49 mL.) were charged to a
100 mL jacketed, 2-neck round bottom flask with magnetic
stirrer. The resulting slurry was warmed to 70° C. with stir-
ring. Water (8.8 mL) was then charged. In a separate 15 mL
round bottom flask a solution of N-methyl-D-glucamine
(1.58 g, 8.1 mmol) in 5 mI water was prepared and dissolved
with stirring. The aqueous N-methyl-D-glucamine solution
was then transferred to the reaction flask over 2 min. Most
(but not all) of the solids dissolved by the end of this addition.
After 5 min stirring and warming to 79° C., a clear, pale
yellow solution resulted. The solution was filtered through a
bed of Celite™, cooled to 60° C., then cooled to 10° C. over
2 h. The resulting solids were collected by filtration, washing
with 10 mL of 2-propanol. 3.35 g product was obtained (82%
yield).

Example 2
Preparation of Compound 1 Liquid Crystal

Crystalline Compound 1 (505 mg) was dissolved in 60 mL
water at room temperature. The solution was transferred to a
lyophilzation vessel and frozen while rotated in an acetone/
dry ice bath. The vessel was transferred to a bench-top freeze
dryer and allowed to dry under vacuum for approximately 19
hours, producing a white solid.
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Example 3

Preparation of Amorphous Compound 1

Crystalline Compound 1 (approximately 500 mg) was
transferred to an aluminum pan and placed on a 200° C. hot
plate. Melting occurred within 1 minute, at which point the
pan was removed from the hot plate and immediately placed
in liquid nitrogen. A glassy solid resulted.

We claim:

1. A crystalline form of 6-carboxy-2-(3,5-dichlorophenyl)-
benzoxazole meglumine, wherein said crystalline form has a
powder X-ray diffraction pattern comprising peaks at diffrac-
tion angles (26) 0of 10.7£0.2, 11.8+0.2, and 13.3+0.2.

2. The crystalline form of 6-carboxy-2-(3,5-dichlorophe-
nyl)-benzoxazole meglumine of claim 1, wherein said crys-
talline form has a powder X-ray diffraction pattern further
comprising a peak at a diffraction angle (20)of 14.8+0.2.

3. The crystalline form of 6-carboxy-2-(3,5-dichlorophe-
nyl)-benzoxazole meglumine of claim 1, wherein said crys-
talline form has a powder X-ray diffraction pattern further
comprising a peak at a diffraction angle (260)of 21.7+0.2.

4. The crystalline form of any one of claims 1-3, wherein
said form is non-hygroscopic and anhydrous.

5. The crystalline form of any one of claims 1-3, wherein
said form is substantially pure.

6. A pharmaceutical composition comprising the crystal-
line form of any one of claims 1-3.

7. A method of treating transthyretin amyloid disease in a
mammal, the method comprising administering to the mam-
mal a therapeutically effective amount of the crystalline form
of'any one of claims 1-3.

8. The crystalline form of any one of claims 1-3, wherein
said form comprises a plurality of small crystallites of Com-
pound 1.

9. The crystalline form of any one of claims 1-3, wherein
said form comprises a plurality of needle shaped crystals of
Compound 1.



